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BIOMOLECULE TRANSDUCTION MOTIF SIM-2-BTM AND 



THE USE THEREOF 



5 



TECHNICAL FIELD 



This invention relates to Sim-2 Biomolecule Transduction Motif (BTM), a novel 
intracellular biomolecule transduction peptide, which delivers biologically active, 
functional or/and regulatory molecules in vivo and in vitro into the cytosol, organelles or 
10 nucleus of prokaryotic and eukaryotic cells, and the utilization of the same. 



15 nucleic acids. The fact that only small- size molecules can permeate through the membrane 
of living cells at very low rates has restricted the researches to develop drugs to cure, 
prevent or diagnose diseases using macromolecules including, for example, proteins and 
nucleic acids. On the other hand, because most of the substances manufactured to cure, 
prevent or diagnose certain diseases have to be delivered into the cytosol with effective 

20 amounts, there have been several methods developed delivering those substances from the 
cell surface of the target cell into the cell. 

Methods used to deliver macromolecules into cells include electroporation, 
cytosol fusion using liposomes, highly concentrated projection technique of a projectile 
coated with DNA on surface, calcium-phosphorous-DNA precipitation method, DEAE- 



BACKROUND 



Generally, living cells are not permeable to macromolecules such as proteins or 
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dextran transfection, infection with modified viral nucleic acids, and direct microinjection 
into a single cell, etc. Moreover, there have been attempts to deliver macromolecules using 
nanoparticles in vitro and in vivo these days, but it is only in its beginning step 
technologically and clinically. Furthermore, these methods can deliver macromolecules to 

5 only a few of the target cells, and its efficiency is not sufficient enough to be applied 
clinically. Also, most of these methods cause side effects on the other cells. 

In this regard, the demand for the development of a novel method of delivering 
biologically active macromolecules into the target cells effectively in vivo and in vitro is 
increasing (L.A. Sternson, Ann. N.Y. Acad. Sci., 57, 19-21(1987)). Chemical addition of 

10 lipid peptide (P. Hoffmann et al. Immunobiol, 177, 158-170(1988)) or use of base 
polymers such as polylysine or polyarginine (W-C. Chen et al., Proc. Natl. Acad Sci., USA. 
75, 1872-1876(1978)) were provided. In addition, it was reported that folate of a 
transporter was transferred into a cell in the form of folate-conjugate. But it has not been 
confirmed yet that the folate was transduced into the cytosol. Also, Pseudomonas Exotoxin 

15 is known as a transporter (T. I. Prior et al., Cell. 64, 1017-1023(1991)). However, the 
effects of biologically active macromolecules delivered into the cytosol and their general 
application have not been clearly verified yet. Therefore, an effective method of 
transducing biologically active macromolecules into cytosol and nucleus of living cells is 
highly demanded. 

20 In addition, the efficient delivery of DNA/RNA as well as macromolecules, such as 

proteins, into cells in vivo and in vitro is considered as to be one of the essential technique 
required in the field of biotechnology and applied medical science. The delivery of 
DNA/RNA into cells acts as a decisive factor for gene therapies, for studying the 
revealation of the function of a protein encoded by the gene in vivo and in vitro, and for the 
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development of novel remedies using DNA/RNA. However, since DNA/RNA cannot 
permeate the cell membrane efficiently, it is very important for using genes in basic and 
clinical researches to improve the permeability. 

For this reason, liposomes, nanomolecules, and viral vectors etc. are developed to 

5 deliver DNA and/or RNA into a cell in vitro and in vivo, and the possibilities of the use 
thereof were examined and investigated. However, concerning beneficial-effects and side 
effects, it has numerous problems to be resolved. In particular, regarding liposomes, since 
the side effects against cells and the cytotoxicity are very serious, their application was 
limited to basic researches. As for nanomolecules, though it has been receiving attentions 

10 these days, the decomposition of carrier particles in vivo, the poor efficiency of 
transduction and the immunological responses elicited by the molecules should be studied 
further and should be resolved. As for retroviruses, it has a problem in that it cannot infect 
undeviding cells. Adenovirus or adeno-associated virus vector also has a very limited 
clinical application. Furthermore, these two types of viral vectors may elicit immune 

15 responses against the other viral proteins, so its treating efficiency has many doubts. 
Therefore, a new way to transduce DNA/RNA into cells efficiently and less detrimentally 
is needed. 

Meanwhile, proteins regulating physiological phenomena in vivo, are produced by 
bacteria, such as E. coli, as a form of recombinant protein, and have been employed in the 
20 treatment of numerous diseases. The proteins, which were synthesized in bacteria, however, 
were known as to be inefficient in folding structures and functions in comparison to the 
naturally folded proteins in vivo. Thus, there have been lots of attempts to produce proteins 
in yeasts, insect cells or animal cells, and to make the proteins produced in bacteria 
refolded using transgenic animals. However, these methods require further studies and full 
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understanding on many molecular cell biological intermediate steps, and their transduction 
efficiencies are very low. And they are not cost effective. 

Several PTDs (Protein Transduction Domain) have been reported as a result of 
this demand. Among them, Tat protein, which is a Human Immunodeficiency Virus- 1 
5 (HTV-1) viral protein, has been mostly well studied. The Tat protein was known to operate 
more efficiently when containing amino acids 47 to 57 (YGRKKRRQRRR), where 
positive charged amino acids are concentrated, than containing full-length 86 amino acid 
protein (Fawell S. et al. Proc. Natl. Acad. Sci. USA 91, 664-668(1994)). Other examples of 
PTDs are amino acids 267 to 300 of Herpes Simplex Virus type 1 protein (HSV-1) (Elliott 

10 G. et al Cell, 88, 223-233(1997)), amino acids 339 to 355 of Antennapedia (ANTP) 
protein of Drosophila (Schwarze S. R. et al. Trends Pharmacol Sci. 21, 45-48(2000)), and 
artificial combination of positively charged amino acids. Regarding the PTDs mentioned 
above, we, inventors, found that they contained lysine and arginine abundantly, wherein 
the arginine was considered to play a great role in the transduction of biomolecule into 

15 cells. And it was supported by the published document that disclosed transduction 
activities of artificial peptides consisting of positively charged amino acids. (Laus R. et al. 
Nature Biotechnol. 18, 1269-1272(2000)). 

With regard to the transduction mechanism of macromolecules into cells when 
using PTDs, there are 2 (two) hypothesises. The first is that PTDs ruin the plasma 

20 membrane, and trasmit the molecules across it. The second one is that PTD uses the 
plasma membrane to form a new vesicle that can carry the molecules into the cells. 
Moreover, there are suppositions that PTD has structural features that can form new 
channels in the membrane (Becker-Hapak M. et al, 2001, Jul:24(3):247-256). 

However, experiments with artificially combined amino acids with 12 arginines 
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and 12 lysines suggested that the hypothesis that the existance of lysine and arginine at 
specific positions induced the formation of new channels might be wrong (Rothbard JB, et 
al, Nature Med. 200 Nov:6(ll): 1253-1257). In addition, considering the facts that only the 
proteins, which were bound covalently or non-covalently to PTDs, were transferred 

5 through the cell membrane, the hypothesis, that PTDs ruin the plasma membrane and 
translocate the molecules across it, was not acceptable. Furthermore, according to our 
studies, PTDs represented transduction abilities both at 37 *C and at 4 "C, which suggested 
that PTD neither made new channels nor made new vesicles. 

Recently, as a new type of PTD, MTS was developed. Its amino acid sequence 

10 was synthesized based on the signal peptide of FGF (Fibroblast Growth Factor), while 
amino acids of the signal peptide were known to have features quite different from those of 
PTD amino acids as follows, (a) 3-5 numbers of arginines or lysines exist non- 
continuously together with serine or threonine, and there are no glutamic acid and aspartic 
acid, (b) one or more basic amino acids, and 6-12 numbers of hydrophobic amino acids, (c) 

15 serine, threonine, or small size hydrophobic amino acid exists abundantly, and glutamine, 
aspartic acid are present in small amount, (d) 10 random amino acids are present between 1 
or 2 basic amino acid(s) that are gathered together. Thus, the MTS is thought to have 
different features in comparison to the ordinary PTDs. That is, the MTS has different 
amino acid combination. 

20 In this regard, we have tried to find out a new machinery as to the PTD 

transduction and decisive factors to the amino acid combination consisting of PTDs, based 
on the discovered features of the two types of PTDs above mentioned and based on the 
results of our preliminary researches. The fallowings are two new hypothesis derived from 
the decisive factors and requisites for the development of a new type of PTD of the present 



WO 03/059940 




PCT/KR03/00121 



- 6 - 

invention: 1) considering that i) unfolded proteins are transduced more efficiently than 
completely folded ones, and that ii) once the unfolded proteins are transmitted into 
organelles or cells they are not eliminated from the organelles or cells, and that iii) PTDs 
do not utilize receptors to perform endocytosis or phagocytosis, it seems that the PTDs use 
channels present on the cell surface. Accordingly, hydrophobic amino acids, such as 
alanine and valine, are highly demanded; 2) Since PTDs transmit molecules into the 
nucleus efficiently, its function may be similar to transcription factors. Therefore, PTDs 
would be found frequently in transcription factors. And the PTDs may use channels similar 
to translocons that transmit proteins into organelles. 

Based on these two hypothesis and requisites, we searched the gene bank. With 
the factor that the conventional PTDs have lysines and arginines abundantly, we selected 
about 10,000 primary candidate genes. Among them, 500 genes were chosen by applying 
the requisites of signal peptide, and 100 genes of the 500 genes were confirmed as to have 
alanine and valine. Finally, 20 genes were selected by applying the factors required for the 
transcription factors, and then the transduction efficiencies were tested therefor. In addition, 
fusion proteins of each of these candidate PTDs and P -galactosidase were expressed and 
purified, and the functions of these proteins were detected using Jurkat T cells. As a 
consequence, amino acid sequence 558 to 566 of Sim-2 (number of gene bank:U80456), a 
human transcription factor, was found to have unexpectedly significant transduction ability 
and was named Sim-2 BTM (Biomolecule Transduction Motif). 

Thus, we completed the present invention with the findings that amino acids 558 
to 566 of Sim-2 have significantly excellent features as an intracellular biomolecule 
transduction peptide, thereby any target proteins, nucleic acids, lipids, carbohydrates and 
chemical compounds can be efficiently delivered into cytosol and nucleus in vivo and in 
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vitro. Furthermore, we verified that the desired macromolecules could be transduced into 
specific organs and/or cells in vivo and in vitro, by employing ecto domain of the ligand, 
which binds to the receptor present on the surface of the cells or the organs to which the 
macromolecules are transduced, MMP cleavage site and Sim-2 BTM. Furthermore, we 
found that expression vector having 5 (five) successive DNA/RNA sequences, which 
specifically bind to DNA/RNA binding domains, could be transduced in vivo and in vitro 
into the specific organs or cells, using the Sim-2 BTM and using the DNA/RNA binding 
domains (DBD and/or RBD) that bind to the DNA/RNA to be transduced, wherein the 
expression vector could include regulatory elements comprising a promoter that induces 
gene expression selectively in specific organs, tissues or cells. Furthermore, according to 
the present invention, it is possible to reform the structure of recombinant protein to have 
the same folding structure and functions as those found naturally, by transferring the 
proteins synthesized in bacteria to the suitable animal cells and isolating them. 



DETAILED DESCRIPTIONS OF THE INVENTION 

The object of this invention is to provide a novel biomolecule transduction motif 
Sim-2-BTM (SEQ.1D No.:l), which effectively transduce biologically active, functional 
regulatory macromolecules in vivo and in vifiv via numerous administration routes 
including intramascular, intraperitoneal, intravein, oral, nasal, subcutaneous, intradermal, 
mucosal, and inhalation routes and to provide the recombinant expression vector including 



it. 



Another object of this invention is to provide recombinant expression vector 
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comprising Sim-2-BTM and to provide transformed cells using the vector. 

Another object of this invention is to provide the fusion protein of biomolecule 
transduction motif and a desired protein by transforming a suitable host cell with the 
recombinant expression vector. 

Another object of this invention is to provide a method of transducing biologically 
active functional modulatory macromolecule in vivo and in vitro into the cytosol or nucleus 
of prokaryotes or eukaryotes using Sim-2-BTM. 

Another object of this invention is to use the Sim-2 BTM in gene therapies and in 

disease treatment using proteins. 

Another object of this invention is to provide a recombinant vaccine including Sim-2 
BTM and a DNA/KNA vaccine, or delivering genes for gene therapies using Sim-2-BTM. 

Another object of this invention is to provide a novel vaccine using DNA/RNA or 
protein antigens specific to pathogens, such as viruses, bacteria, mold, and various cancer 
cells. 

Another object of this invention is to provide a genetic medicine of DNA/RNA, 
which regulates biological activities in vivo and in vim, using Sim-2-BTM. 

Another object of this invention is to provide protein drugs for the treatment, 
diagnosis and/or prevention of disease, wherein the folding structures of proteins are 
reformed to have the same structure and functions as those of proteins generated naturally. 

In order to achieve these objects, this invention provides a peptide or its active 
fragment comprising amino acid sequence (SEQ. ID No,l) to transduce biologically active 
functional modulatory macromolecules in vivo and in vitro into the cytosol or nucleus of 

prokaryotes or eukaryotes. 

Furthermore, this invention provides a peptide or its active fragment comprising 
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amino acid sequence (SEQ. ID No.:l) to transduce biologically active functional 
modulatory macromolecules in vivo and in vitro into the cytosol or nucleus of prokaryotes 
or eukaryotes, wherein a part of the amino acids is deleted or substituted, or at least a part 
of the amino acids is replaced by L- or D- form amino acids, or the structure of amino acid 
are reformed to enhance stability in vivo. 

Furthermore, this invention provides DNA encoding intracellular biomolecule 
transduction peptide, recombinant DNA expression vector comprising DNAs encoding 
target protein, and transformed E. coli of DH5a Sim-2 (KCCM 10346) using the vector. 

Furthermore, this invention provides a method of transducing a complex of the 
peptide (or the peptide fused with a target protein) and biologically active functional 
regulatory molecule (for example, chemical drug or chemical prodrug) via numerous 
administration routes includinding intramuscular, intraperitoneal, intravenous, oral, nasal, 
subcutaneous, intradermal, mucosal and inhalation routes, in vivo and in vitro into the 
cytosol or nucleus of prokaryotes or eukaryotes. The following describes this invention in 
detail. 

In this specification and claims, "biologically active functional regulatory 
molecule" means the molecule, which regulates any physiological phenomenon, including, 
for example, DNA, RNA protein, lipids, carbohydrates, and chemical compounds. 

In addition, "an active fragment" is defined as some parts of amino acids of SEQ. 
ID No.:l or its modified one in which a part of the amino acids is deleted or substituted, or 
at least a part of the amino acids is replaced by L- or D- form amino acids, or the structure 
of amino acids is reformed to enhance stability in vivo, wherein the fragment maintains 
intracellular biomolecule transduction activites. 

In addition, "macromolecule" is defined as to include proteins, lipids, nucleic 
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acids, carbohydrates and chemical compounds. 

In addition, a biomolecule transduction peptide of "Sim-2-BTM derivative" is 
defined as a peptide or its active fragment, which maintains transduction activites of Sim- 
2-BTM, wherein a part of the amino acids is deleted or substituted, or at least a part of the 
amino acids is replaced by L- or D- form amino acids, or the structure of amino acids is 
reformed to enhance stability in vivo and in vitro. 

In addition, a "fusion protein" is defined as a protein fused with biomolecule 
transduction peptide of Sim-2-BTM directly through chemical, physical, covalent or non- 
covalent bond, or indirectly through any mediator. 

In addition, a "chemical compound" is defined as a chemical substance, which 
regulates cell's function, such as anticancer drug, immunological disease drug, antiviral 
drug and growth, development or differentiation factor of an animal. 

In this invention, a biomolecule transduction peptide is defined as a peptide 
corresponding to amino acids from 558 th to 566 th from N-terminus of human transcription 
inhibitor Sim-2 (M.J Alkema et aL, Genes Dev. 12), 226-240(1997)), wherein arginines 
and alanines are considered as to interact with biomolecule transducing channel receptors 
on the cell surface. 

In addition, this invention relates to a peptide corresponding to the amino acid 
sequence of SEQ. BDNo.:l, wherein a portion of amino acid including arginine, lysine and 
alanine is substituted with functionally and structurally similar amino acids, for example, 
valine, etc. 

This invention also provides an expression vector comprising: i) DNA/RNA 
encoding a biomolecule transduction peptide corresponding to amino acid sequence of 
SEQ. ID No.:l, or DNA/KNA encoding a biomolecule transduction peptide corresponding 
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to modified amino acid sequence of SEQ. ID No.:l in which a part of the amino acids is 
deleted or substituted or at least a part of the amino acids is replaced by L- or D- form 
amino acids, or DNA/RNA encoding an active fragment of the peptide; and DNA/RNA 
encoding a desired protein and/or biologically active functional regulatory molecules to be 
5 introduced into cells. This recombinant expression vector preferably includes tag 
sequenced such as a series of Histidine, Hemaglutinin, Myc, or Maltose binding protein 
codon, and so forth, in order to make the purification easier. Furthermore, in order to 
increase solubility, a fusion partner, such as lysine RNA polymerase, can be introduced to 
the vector. Furthermore, for the flexibility of the protein encoded by the genes and for the 
10 stability of the fusion protein, one or more glycine and spacer amino acids including AYY 
amino acids can be incorporated. Furthermore, a cleavage site recognized by a protease 
specifically present in a certain intracellular organelle to remove unwanted part of the 
fusion protein or to separate BTM and the cargo molecule, expression regulatory sequence 
and a marker to monitor the transduction or a reporter gene can be inserted to the 
15 expression vector, wherein the expression regulatory sequence consists of regulatory 
domain comprising a promoter or enhancer that is specific to cells, tissues or organs to 
which the desired DNA/RNA is transduced. 

In one embodiment, recombinant expression vector including intracellular 
biomolecule transduction peptide of pSim-2-0-gal comprises DNAs encoding a peptide 
20 corresponding to amino acid sequence of SEQ. IDNo,l, 6 (six) succesive histidine codons 
to purify the desired proteins expressed in host cells, Asp-Asp-Asp-Asp-Lys sequence to 
be cleaved with enterokinase or Glu-Asn-Leu-Tyr-Phe-Gln-Gly sequence to be cleaved 
with Tev and DNAs encoding a marker of 0-galactosidase for the detection of the desired 
protein in cells. 
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The pSim-2-p-gal vector of this invention can easily be obtained with ordinary PCR 
(polymerase chain reaction) methods using pIND/lacZ vector (can be obtained from 
Invitrogen Inc.) as a template. Also, in this invention, biomolecule transducing 
recombinant expression vector is manufactured by cutting out P-galactosidase gene with 
5 suitable restriction enzyme and replacing it with the desired protein coding DNAs. The 
desired protein comprises biologically active functional regulatory protein or its fused one, 
which is chemically or physically bound to ecto domain of ligand that binds specifically to 
a receptor of cell, tissue or organ to which the desired protein is introduced, in order to 
transduce it to specific cell or tissue or organ. This ligand or receptor includes protein, lipid, 
10 carbohydrate, chemical compound or its complex, but is not limited thereto. If the desired 
protein is any one of viral specific protein selected from a group consisting of HIV, HBV, 
HCV and influenza, or a tumor specific protein expressed in tumor cells including liver 
cancer or stomach cancer cells, the recombinant expression vector of this invention induces 
CTL (cytotoxic leukocyte) by converting antigen processing pathway from MHC class H 
15 to MHC class I. In this case, the recombinant expression vector preferably comprises 
DNAs encoding one or more ubiquitins. 

In one embodiment of the present invention, the desired protein is isolated and 
purified using the recombinant expression vector. Specifically, after transforming a suitable 
host cell, such as E. coli, with the recombinant expression vector of this invention, the 
20 desired protein is isolated using interaction between polyhistidine and Ni 2+ -NTA. 
Furthermore, in another embodiment, a method for transducing functional regulatory 
molecules are transduced more effectively into cytosol, organelle or nucleus by culturing 
the recombinant expression vector of the present invention together with biologically 
active functional regulatory molecules. 
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In another embodiment, a method of transducing biomolecules is provided as 
follows: i) providing recombinant expression vector comprising DNAs encoding 
DNA/RNA binding protein that binds selectively to DBS/RBS (DNA/RNA binding 
sequence) of the desired DNA/RNA; ii) obtaining protein-DNA/RNA complex by 
combining the desired DNA/RNA sequence, which contains target DNA/RNA sequence 
that binds to the DNA/RNA binding protein; and iii) mixed culturing the protein- 
DNA/RNA complex with cell culture medium in order to transduce the desired DNA/RNA 
into the cells. 

In another embodiment, a method of tranasducing biomolecule is provided, which 
comprises: i) obtaining a complex by reacting fusion proteins, which are activated by 
binding inducer, with the desired chemical compound, wherein the fusion protein is a fused 
one between the biomolecule transduction peptide of Sim-2BTM or its derivatives and the 
desired protein; and ii) mixed culturing the obtained complex together with cell culture 
medium in order to transduce the desired chemical compounds into the cells. The binding 
inducers introduced above include binding reagents, for example, BMOE (Pierce Cat. No 
2323), DSP (Pierce Cat. No 22585), that bind the biomolecule transduction peptide or the 
fusion protein between the transduction peptide and the desired protein to DNA/RNA 
carbohydrate, lipid, protein or chemical compounds through chemical, physical, covalent 

or no-covalent bond, directly or indirectly. 

In another embodiment, a method for producing a protein drug is provided as 
follows: i) isolating and purifying a fusion protein between biomolecule transduction 
peptide of Sim-2 BTM or its derivatives and the desired protein that controls biological 
response ft, vivo, after massively expressing them from bacteria; ii) and transferring the 
fusion protein into the cells, which produce the desired protein in natural state, or in the 
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cells, which carry out protein processing and modification, in order ,o refoid the protein to 
have natural folding structure and functions. 

in addition, in this invention, when transducing the desired DNA/RNA, or 
chetnica. compound into ceUs, they are combined with the fitsion protein between «he 
, biomolecule transducing peptide and the desired protein, wherein the desired protein can 
form a traduction complex by binding the ecto domain of a ligand, which ae.eo.ivdy 
interacts with a receptor that is expressed in specific cells, organs and tissues, or mAb or its 
mut ant, which binds specifically to the ligand or the receptor, for example, a Fab fragment, 
a F(ab') fragment, or a single strand Fv or hummanized mAb. 
0 Thus, this invention also provides a method of transducing a desired DNA/RNA 

Mo cells as follows: 1) preparing 1« recombinant expression vector comprising a desired 
DNA/RNA to be transduced into cells, a. leas, one continuous DNA/RNA sequence to 
which DNA/RNA binding protein binds specifically, and operab.y linked expression 
regulator sequence; ii) preparing l" recombinant expression vector comprising a peptide 
,5 of SEQ. ID No,l or its active fragment, DNA/RNA encoding DNA/RNA binding protein 
.hat bind selectively ,0 the DNA/RNA sequence in the f recombinant expression vector of 
the step i); iii) collecting expressed fission protein from host cells using the 2- recombinant 
session vector; iv) obtaining a complex of the fusion protein and the desired DNA/RNA 
by binding fire fusion protein of iii) and 1* recombinant expression vector of i); v) mixing 
2 0 the convex with the cells, ,0 which the desired DNA/RNA is transferred, and mixed 
culturing the cells. Aa a biologically active functional regulatory factor, cytokine such as 
interleukin-4, i»«erleuki»-2, in.erteukm-12 or y-imerferon, chemokines or EOF can be 

employed in this invention. 

The desired protein of this invention is preferably subject to post-translational 
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m odifica,ion, for example, uWquitotioo, phosphorylation fatty acylation such as 
pataus.otta.ion, mvristoylation or famesylation, after transition thereof. In particular, a 
part of Lck pro,ein amino acid sequence (Met-Gly-Cys-Val-Cys-Ser-Ser-Aan-Pro-Glu- 
Asp-Asp-Trp-Met-Olu-Asn) can be employed during the acylation process 

Furthermore, when transducing a biological active functional regulatory molecule 
into cytosol, organelle or nucleus of a cd. i. is preferable .0 use .ysosomobophic agen, 
se.ec.ed ftom a group consisting of ohoroquine, monensin, amantadine, and methylamine 
in order » enhance me sbo.cb.ra. and fttncrional safety of ftte molecule. Tbe biological 
acuve funcuona. regulalory molecule is transduced into cytosol, organette or nucleus of a 
ceU via numerous administration routes, such as intramascular, intraperitoneal, imravein, 
oral, nasal, subcutaneous, imradermal mucosal, and inhalation routes, together with the 
Sim-2BTM. 

Since the biomolecule transducing peptide of the present invention is very small, 
biological intervention to the active molecule is significantly minimized. 

TTRTir.ff nESCRF ™™ ni? FIGURES 

Fig.lA illustrates the construct of expression vector pSim-2-P -gal. 
Fig.lB shows agarose gel images after treating the vector of Fig.lA with 
restriction enzymes. 

Fig.2 shows coomasie blue staining of the purified fusion proteins expressed from 

pSim-2-P -gal vector. 

Fig.3A shows the activity of fusion protein of Sim-2 and 0 -gal. 

Fig.3B shows the result of enzyme activity analysis proving that the fusion protein 
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of Sim-2 and P -gal has been effectively transduced into cells. 

Fig.4A illustrates the construct of expression vector of pTat-P -gal. 
Fig.4B shows the results of P -gal enzyme activity analysis proving that fusion 
protein of Sim-2 and § -gal has been more effectively transduced into the cell than the 
5 fusion protein of Tat and P -gal. 

Fig.4C shows that 7mer of Sim-2-BTM was transduced into Jurkat cells 

effectively. 

Fig.5A illustrates the P -gal assay of Sim-2 BTM representing its transducing 
effects in vivo. 

10 Fig.5B represents transduction efficiency of eGFP into spleen cell using Sim-2 

BTM. 

Fig.5C represents the transduction of P -gal into T cells in blood via numerous 

administration routes. 

Fig.5D represents the efficiency of transduction of P -gal into liver cells. 
15 Fig.6A illustrates the recombinant expression vector of pSim-2-P -gal-B7.1. 

Fig.6B shows the results of FACS analysis, representing that the desired molecule 
of P -gal is specifically transduced into T cells. 

Fig.7 illustrates the construct of recombinant expression vector of P Sim-2-Gal4. 
Fig.8 illustrates the construct of recombinant expression vector of pCD8-^ - 

20 5XGBS (Gal4 binding sequence). 

Fig.9A represents the transduction of expression vector of pCD8-l -5XGBS into 

T cells usinf Sim-2 BTM. 

Fig.9B represents the transduction of expression vector of pCD8-^ -5XGBS into 

T cells and splenocyte in blood in vivo and the expression thereof. 
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Fig.lOA illustrates the construct of expression vector of P Sim-2-Gal4-B7.1. 
Fig.lOB illustrates the construct of expression vector of pLCD8-l -5XGBS. 
Fig.lOC represents T cell specific transduction of expression vector pCD84 - 

5XGBS using Sim-2 BTM. 

Fig.lOD represents T cell specific expression of expression vector pLCD8-l - 

5XGBS using Sim-2-BTM. 

Fig.llA shows the structure of pH sensitive chemical linker between Sim-2-BTM 

and TMC, an imrauno-suppressor. 

Fig.llB shows the transduction of TMC into Jurkat T cells by Sim-2-BTM. 

Fig.12 illustrates the construct of expression vector of P Sim-2-zAlA2(a) and 
pSim-2-CTLA4(b). 

Fig.13 shows coomassie blue staining of purified fusion proteins of pSim-2- 

zAlA2(a) and pSim-2-CTLA4(b). 

Fig.H shows the transmission of P -gal proteins into callus cells using Sim-2- 

BTM. 

Fig. 15 represents the transduction of P -gal proteins into bacteria, salmonella, 
streptococus, and tuberculous bacillus using Sim-2 BTM. 

Fig.16 illustrates the construct of an expression vector of pSim-2-insulin in order 
to produce fusion protein between Sim-2-BTM and insulin. 

Fig.HA shows coomassie blue staining of purified fusion protein of pSim-2- 

insulin and pSim-2-insulin-PR. 

Fig.l7B represents the transduction effusion protein recombinent insulin pSim-2- 

insulin and pSim-2-insulin-PR into Jurkat T cells. 
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Below are more detailed descriptions according to practical examples. Below 
practical examples are there to show examples, and this invention is not limited to this 
range. Moreover, the technical reference of this invention is combined to the invention as a 



reference. 



5 



10 



15 



20 



EXAMPLE 



wamw.HI ^^ ofMB^sgjofl vector including Sim-2-BTM of hiomolecule 

transduction peptide 

Nucleic acid sequence encoding peptide corresponding to amino acids from 558 th 
of Alanin to 566 th of Arginin from N-terminus human transcription factor of Sim-2 
(GeneBank Code: U80456) was combined with nucleic acid sequence encoding reporter 
protein of P -galactosidase. In order to do this, firstly, a primer of SEQ.ID No.:2 
containing nucleic acid sequence encoding peptide corresponding to amino acids from 
558 th of Alanin to 566 th of Arginin from N-terminus of Sim-2 and BamHl site for 
cloning, and a primer of SEQ.ID No,3 containing nucleic acid sequence of 3' terminus 
of p -galactosidase and restriction enzyme of BglH site for cloning were synthesized. 
Then, PCR was carried out using pIND/lacZ vector (Invitrogen corp.), as a template, 
with pfu turbo DNA polymerase (Stratagene, catJ 600252-51). After digesting the PCR 
products with restriction enzymes of BamHI and BgtO, the results were purified with 
PCR purification kit (Quiaquick) (QIAGEN, cat.# 28104). The purified products were 
cloned to pTrcHis B (Imogen, Cat.No. V360-20B), which was purified with gel 
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action, at Bgm reckon site, thereby recombinant exp^ion vector was 
Senerated and named pShn-2-P -gal- illustrates the cons*** of the expression 

vector of pSim-2-P -g.. The expression vector of p Sim-2-P 

J ttndm and the, h was subject to ^phoresis on IS agarose gel Mowed hy 
^ning with ethydiunt hronride (see Fig. IB). In Bg.iB, the firs, cohrmn represents 
the present p Sim-2-P -gal, and the second column represents standard sized DNA 
fragments. 

n nf F rnli |, ui forimnt, and «B£g§S!2B and isolation of 
TT.YA.MPLF 1' Prenar a *'"" rransiuuu^ 

firittn protein herefrom 

DH5a (ATCC No. 53863) was Unformed using pSim-2-P -gal of the Example 
, by heat shock transformation. 2 ml of me transforms were transfer ,o 100 nc of 
LB medium, and pre-incubated for .2 hrs a, 37t with agitation. The, the pre-incubated 
^formants were i„ocu,a,ed to .000 * of L B medium (.0 g of pancreatic digests of 
casein, 5 g of yeas. extfact, 10 g of sodmm chloride) and were incubated for 4hrs 
Mowing the incubation, 1 mM of 1PTG (Isopropyl p -D-thiogatactosipyranos-de, 
GibcoBRL ca«.# 15529-0,9) was added in order to induce the expression of lac operon, 

t , • t, atato elicit expression of the fusion protein. Next, the cell 
and then incubated again for 8 hrs to eucn exprea 

e^re solution was centrifuged at 6,000 rpm for 20 min a, 4t. After removing the 
supernatant, reatltant peUet was dissdved in ,0 ml of buffer sondion 3 (50 mM of 
NaftPO., 300 mM of NaCl, 10 mM of Imid^le, a, P H 8.0, including 1 *M of 
,y M2 yme (Sigma, ** L-7651), and was p.aced on ioe for 30 min. Wnfiy 
bonification (Heat systems, ultrasonic processor XL, with 300 w) for 30 sec and 
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freezing for 10 sec were applied to the solution, repeatedly, until the cumulative time of 
ultrasonification is 3 min. The eluted solution was centrifuged again at 12,000 rpm for 20 
min at 4t so as to remove the debris of E. coli and isolate pure eluted solution. Then, 
2.5 of 50% Ni 2+ -KTA agarose slurry (Qiagen, cat# 30230) was added to the isolated 
5 solution, and the mixture was stirred at 200 rpm for 1 hr at 4'C in order to bind fusion 
protein and Ni 2+ -NTA agarose. The obtained mixture was spilt into a column (0.8* 4 cm) 
for chromatography (BioRad, cat* 731-1550). And the mixture was washed twice with 4 
M of buffer solution 2 (50 mM of NaH 2 P0 4 , 300 mM of NaCl, 20 mM of Imidazole, at 
pH 8.0). Thereafter, the mixture solution was treated four times with 0.5 vJL of buffer 
10 solution 3 (50 mM of NaH 2 P0 4 , 300 mM of NaCl, 250 mM of Imidazole, at pH 8.0) to 
obtain fusion protein fractions. The isolated and purified Sim-2-0 -gal fusion protein was 
subject to SDS-PAGE followed by coomassie blue staining (see Fig.2). In Fig.2, the first 
column corresponds to protein marker for use as a molecular weight standard, and the 
second column represents fusion protein of Sim-2-p -gal. 



15 



TTYAMPT,E 3: T™™H,,rtion of fu »™ p™tein across cell membran e 



HUVEC (ATCC-.CRL-1730) (2X10 5 ), HeLa (ATCC.CCL-2) (2X10 5 ), and 293 
(ATCC:CRL-1573) (2X10 5 ), which were incubated in 10% FBS (Fetal Bovine Serum) of 
20 DMEM were respectively transferred to Lab-tek H chamber slides. Jurkat cells 
(ATCC-.CRL-10915) (2X10 5 ) incubated in 10% FBS RPM were transferred to poly-L- 
lysin coated slide. Each of the slides was treated with the purified 0.5p M of Sim-2-P - 
galactose for 30 min at 37'C in 5% C0 2 incubator. And the supernatants were 
removed from the slides. The incubation mixtures were washed using ice-cold PBS four 
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time, and then were solidified with 2% formaldehyde solution for 10 nun. Afier removing 
the solidified solutions, the mixtures were washed again using ice-cold PBS four times. 
Subsequently, tire respective mixture, were sealed with 700 p 1 of P -galactosidase 
awning solution (Roche. Co.) for 45 min a, 37C in 5% CO, incubator. Mowing the 
5 staining, the mixtures were washed with ice-cold PBS four times after removing the 
supernatant*. Next, the mixtures were mounted win, 70% glycerol on tire microscope slides. 
The microscopic photographs were displayed in Fig.3A. As the results, Sim-2 ftrsed P - 
ga, was transduced across the coll membranes of the four kinds of cells very efficiently, 
while ft -gal alone was not transduced at all. 
10 On the other hand, the transduction of Sint-2-P -gal across cell membrane was 

detected both at 3 7 r and at « , in order to determine whethet or not the transduction is 
carrier-mediated by endocytosia or not. Jurka, ceils of KUf. which wete incubated in 
10% FBS (Fetal Bovine Serum) RPMI medium, wete washed twice with ice-cold PBS and 
were suspended in 10% FBS (Fetid Bovine Senmt) RPMI medium, and then the soluble 
,5 fractions of suspension were transferred to 60 mm dishes. The suspension was treated with 
1 mg/ml of Sim-2-P -galactosidase for 30 min for both a, 4"C and a. 37t in 5% CO, 
incubator. After washing the suspension including Jurkat colls twice with ice-cold PBS, the 
suspension was dissolved in 1% OT-40 buffet solution (1% NP-40, 150 mM of Nad, 10 
mM of Tris-HCl, 400 p M of EDTA, 1 mM of Na,VO, 1 mM of NaF, 10 P g of 
20 aprotimn, 10 p g of leupeptin). Then, the solution was centrimgeo for 20 min a, 4C, and 
was quantified using tine BCA protein assay reagent kH (PIERCE). Thereafter, 20 p g of 
sample was mixed with 66 p 1 of P -galactose assay buffer [3p 1 of 100x Mg" 
solution, ONPO (o-nitrophenyl-P -D-galactopitanoaide)) and 0.1M of sodium phosphate, 
and then was subjected ,0 reaction for 30 min at 37* followed by the addition of 1 M of 
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NfcCO, thereto. Absorbance of solution (at 420 nm) was measured three times with 
microplate reader (Mo.ecu.ar devices) and its mean va.ues and stand deviations were 
represented in Fig.3B. As the re* it was observed ,ha. Sim-2-P -gal fusion protem was 
very efficientiy transduced across cel. membrane both at 37T) and at «. which clarified 
m me protein transduction using the Sim-2 of the present invention did not merely reauH 
from receptor-mediated endocytosis or phagocytosis. 




A pTat-p -gal DNA constat was designed in order to compare the protein 
transduction efficiencies across cel, membrane between the conventional PTD or Ta, and 
Sim .2 of the present invention. For this purpose, nucleic acid sequence encodmg P - 
galactose to be used as a reporter and nucleic acid sequence encoding peptide 
15 corresponding to amino acids 47 (Tyrosin) - 57 (Arginin) from N-terminus of HV Tat 
protein were incorporated. Specifically, a primer of SEQ. ID No,4 containing amino acrds 
from 47- of Tyrosine to 57* of Arginin of N-terminus of Sim-2 and BamH site was 
synced. And PCP. amplication was carried out using pIND/lacZ vector (Invitiogeu 
to o.), which included total genes of p -galactosidase, as a template, and using a primer of 
20 SEQ ID No, 3 containing Bgl n site and nucleic acid sequenco of 3'-e„d of P - 
ga ,ac,osidase, with pfir turbo DNA polymerase (Stratagene, a* 600252-51). The PCP. 
products were Ceaved with restriction enzymes of BamHI and W and tiren purified 
using Quiaquiclr PCR purification kit (Q1AGEN, cat #2S104). The purified PCR products 
were cloned ,o pTrcHia B (Invitrogen, Cat. No V360-20B), which was purified wrm gel 
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extraction, a, Bgin si,e, and was named as pTa.-P -gal. Fig.4A ffiustia.es .he conducts. 
After isolation and purification of Tat-p -gal fusion protein according .0 tire Example 2, 
eduction efficiencies of Tat-ft -gal and Sim-2-P -gal into cells were compared both a, 
0 , ug/ml and a, 0.5 ug/ml. As disclosed in Fig.4B, Sim-2 was transduced in«o the cells 
m ore efficiently botir a. 0.1 ug/ml and a. 0.5 ug/ml. Particularly, .he traduction efficiency 
of Sim-2 was significantly superior when 0.1 ug/ml effusion protein was introduced. 

h addition, in order ,0 examine tita. 7-mer of Sim-2-BTM, in which a par. of 
oucleic acids of Sim-2-BTM was deleted, was transduced »,„ tire Jurka. celU efficiently, a 
peptide was designed by combining 70mer of Sim-2-BTM wi,h a fluorescent mat™, of 
mC After transferring the ma.erial i».o tire cells, FACS analysis was carried out As .he 
reaM i. was observed tita. the 7-mer was transduced into tite cells effectively (see 
Fig,4C). 

yy * ahpi it ^* r„ vfa» •<< * desired protein using Sim-2 

Transduction efficiency of a desired ptotein using Sim-2 across cel. membrane in 
wvo was detected in tins example. In order ,0 detea the efficiency, the isolated and 
purified 750 ug of Sim-2-P -gal fusion protein of .he Example 2 was mixed with PBS, and 

, • ^mir^tered bv IP (intra peritoneal) injection into 6 months 

500 u 1 of the mixture was administerea oy ir \jaua v 

, old C57BU6 mice once a day for 3 day, On tine contrary, for the contiol mice, only the 
same amount of PBS was administered by IP injection. After 4 fits from the final injection, 
ft. mice we. killed and .heir organs were collected followed by washing with PBS (2 ntM 
of MgCla) The PBS treated organs were placed on ice-cold 5% formalin. Then, the organs 
were rinsed whhPBS five times, and each ofthe organs was transferred to f -galling 
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sobtion (Roche. Co.). And, after 12 hrs, the change of color was detected. As diadosed . 
Fig 5A, it was observed that f -gal protein was transduced efficiently into kidney, brant, 
,iver, lung and hear,, which supported ft* thetarge, protein was efficiemly transferred into 

organs in vivo using Sim-2-BTM. 
5 Furthermore, it was examined whether the S -gal was transduce* by Sim-* BTM 

too the ce.ls, which —the target organs, or was transduced by Sun-2 BTM just to 
to surface of the organs. In order to cat^ out this examination, firsUy, nucleic actd 
$eq „e„ce, which encodes peptide responding to amino acids from 558* of Alanine to 
566" amino acid of Arginin from N-.erminus of human transcription factor of S.nr-2 
,0 (genebank code: U80456), and nucleic acid sequence encoding a reporter of eOFP 
(enhanced Oreen Fluorescent Protein) were combined. For .he combination, a pnmer of 
SEQ ID No ■ 2 containing amino acids from 558* of Alanine to 868" amino acid of 
Arginin from N-,erminus of human transcription factor of Sim-2 and taBI site, and a 
primer of SEQ. H)No.:5 containing Bgl H site for cloning and nucleic acid sequence of V- 
,5 aminos of eGFP were syn.hesi.ed. Then, PCR amplification waa carried out nsmg 
pEGFP-Nl vector (bvtaogen Inc.) comprising <o.al eGFP genes, as a template, wrth pfi. 
turbo DNA polymerase (Stratagene, cat.# 600252-51). 

The PCR products were Seated with reaction enzymes of BamH I and BgHS, 
and were pnrified using .he Quiaauick PCR purification ki. (QIAGEN, cat* 28104). Next, 
20 the purified PCR products were cloned to pTrcHs B (Invifrogen Inc., Cat No V360-20B), 

- V1 thfk oA ex traction at Bgl H site. The obtained recombinant 
which was extracted with the gel extraction, ai og 

expression vector waa named as p Sim-2-eGFP. According to the Example 2, Sim-2-eGFP, 
which waa expressed in DHSa, waa isotated and purified, and titen waa administered by 
in.raperi.onea! injection to .he mice. After 4 hrs from tine injection, .he splenn was removed 
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Really and was cashed. Splenooy.es were iso.a,ed from «he cashed sp.ee. Then, 
FACS analysis was carried out to monitor .he eGFP that was ttansduced into the ce«s (see 
Fig SB) As disCosed in Fig.5B, i, was observed that the eGFP, which waa transduced ,o 
sp ,een by S.m-2 BTM, was ..so transduced efBcientty to the sp.enocy.es that constructs 
5 the spleen, 

Forthermore, b was examined tat the desired protein was transduced by W 
BTM to organs in vivo via blood. 500 P 1 of the mixture of the isolated and purified 750 
„ g of Sin.-2-P -ga. fusion protein and PBS was administered to 6 months o.d C57BL/6 
m0US e once a day for three days by IP. (intraperitoneal), TV (intravenous), SC 
,0 (subcutaneous) or nasa, route Whereas, the contro, mice were given the same amount of 
PBS a.one by LP. After ejecting b.ood fiom mouse injected whh the fusion proteins, T 
KUS were isolated using MACS and an,i-CD3 mAh, and then the activity of P - 
^crosodase was detected a, disclosed in the Example 3. Tne resufts are displayed tn 
Fig.5. As the resufts, me fission proteins were administered efficient., by fire Sim-2 BTM 

~u oo tp TV SC and nasal routes, to the T cells 
15 through numerous administration routes, such as IP, IV, SC and 

in blood. 

Furfitetmore, transduction efficiencies of the desired ntacromolecu.es among fire 
organ, ft vivo were investigated and anaJyaed. Different —dons of the isolated and 
purified Sim-2-p-g, fusion protein were administer* to 6-month old C57B/6 mice by » 
2 0 injection, as disCosed in the Example 2. After 4 hrs fiom the injection, the transduction 
efficiencies between liver and spleen were compared. FigSB shows efficient transfer into 
fce *leen. Aa the reaulta, the Sim-2-BTM was introduced into the spleen more efficiently 

i n Tv/f Th m it was verified that Sim-2-BTM 
in comparison to liver at the concentration of 1 nM. Thus, it was 

selectively transferred the macromolecules into the liver. 
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In 



irvAMPT.Ft: O " T .-ir.<- transdnrtinn of fusion protein 
hr t ..,..n W....2 and <• BWtdm 

, order for the desired protein of Sim-M -gal according to the Example 2 to he 
introduce to a specific ell selectively, a ligand or a receptor that exists specifically it ce„, 
ta. or organ to which the protein is transduced, was emp.oyed in this exantp.e. Fo, 
example, in order to transduce the desire, protein ,0 T cen, an expression vector of pShn- 
2 .p.ga.-B7.1 was designed hy inserting amino acid sequence of MMP 
(MatrixMetaUoprotease) Ceavage site, which was present on erttracelMar matrix and waa 
attached ,o cen menrhrane, into S.m-2-P -gal a. S' region, and then hy Coning B7.1 of 
Hgand of T ceil specific CD28 receptor, next to the V .region. In addition, expression 
vector of pSim-2-P -gal-B7.i was generated hy carrying ou, PCR amplication uarng 
cDNA mixurre of human primary T cells that were manufactured in our laboratory, as a 
template, and using a primer of SEQ. ID No,6 containing BamH I site and N-termrnus of 
B7 1 and a primer of SEQ. H> No,7 containing Bgl H site and C-.ermi»us of B7.1, and 
carrying out mo.ecuiar cloning according to the Example I . Fig.6A represents the construe, 

. ,.1.5! nal-B7 1 After transforming DH5a with the pSim- 
of the expression vector of pSim-2-p -gal B I . nuei 

2-(S -gal-B7 1 expression vector in the Example 2, fusion protein of Sim-2-fS -gal-B7.1 
W aa isolated and purified from Are ceU cu.hrre. After 4 hrs ftom the I.P. injection of the 
fusion protein ,o a mouse, T ce.,s were col.eced ftom Wood to detect activity of S -gal- 
As disdosed in Fig.6B, reiatively high f -ga. activity was ohserved in T ce.is. whUe .Me 
P -gal activity was ohserved in B ce.., This results supported drat S.n.-2-P -ga. fi-sron 
protein waa transduced to T ce.. specifrcal.y, after the binding between B7.1 of the ftrsron 
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protein and T cell CD28 or CTLA-4 followed by cleavaging of .he tosion protein by MMP 
existing on the surface of T cell. 

Pffmrrr , tuturriln l "- '-ptf Auction «< W* (CDH 
v .in f Sim-2 HTM 

ismmssm ^ m ^ m mAmy^ m ' hfla *™ " o f si "" ? *"* <M4 

The pSim-2-p -gal vector of the Example 1 was treated with restriction enzymes, 
,„ A, and W to remove P -galactose gene therefrom. Then, pSir»-2-Gal4 plasmid 
was developed by casing on. conventional PCR amplification and molecnlar clonmg, as 
closed in the Example ., uring a primer of SEQ. ID No, 8 having N-termina, sequence 
of GAL4 DNA binding protein and Xbal restriction enzyme site, and a primer of SEQ. ID 
No , 9 having N-.ermi„a. sequence of GAL4 DNA binding pto.ei„ and Bgl U res.ric.ion 
U enzyme site. Fig.7 illustrates the constrnct of the expression vector of pSim-2-Gal4. 

(JaE P jmsM ati™^^ 

■,u.w r..\ A nNA hindi nr rr-rr V nH ° yirroa"" 

2 „ to oroe r for tire binding of Sim-2-Ga.4 of the Example 1 to be carried on, more 

efficient.* pCDS-z-SXGBS was designed by cloning 5 (five) successive GBS sequence a, 
the ftfl restriction enzyme recognition site of P cDNA3-CD8-z, which was prepared b, 
inserting CDS-i to pcDNA3 expression vector (.nvtiogen toe.) a. reaction enzyme 
recognition sites taM and MB. Specifically, nucleic acid sequence correspond to 
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GBS was synthesized using a primer and hybridized, and then was Coned to pCD8-4 a. 
SW recognition site of 3' terminus. Flg.8 Urates the structure of expression vector of 
pC D8-4 -5XGBS. The nucleic acid sequence of GBS was designated as SEQ ID No.10. 

5 iST^C^m^MMm^^MeD^ DNA using Sim-2 

Gal4s of Shn-2-Gal4 fusion proteins were respectively binded to .each of the five 
GBSs of P CD8-4 -5XOBS. The expressed and purified Si m -2-GaI4 fusion protein in fire 
Example 2 was bound to pCD8-4 -5XGBS DNA prepared in the step 2 using the 
,0 expression vector of pSim-2-Ga,4 manufactured in fire step , a, room temperature. After 
mi xing the ftrsion complex with PBS, the mixbrre was introduced bo .0' of primal T cells, 
and firen was incubated fo, 48 hrs at 37^ in order to induce over- expression of CD8- 
4 fusion proteins elicited by DNA constructs delivered into the cells. In order ,0 d— 
t be over-expression of CD8-4 ftrsion protein on fire col, surface, FACS (Fluorescence- 
„ Acbvated Ce„ Sorter) analysis was carried ou, using OKT8 (ATCC No. CRL-8014) of a 
m „„„clona, antibody to CDS (Current Protocol for Immunology). Fig,A discloses fire 
results As shown in Fig.9A, CD8-4 fused whh Sim-2 biomolecule transducfion pept.de 
was trasduced into the cells across the cell membrane. As negative controls, the 
expressions of CD8-4 chimeric molecules in T ceUs, which include Sin.-2.Gul4 ftrsion 
2 0 proteins no, having pCDS-4 -5XGBS or including P CD8-4 -5XGBS alone, were analyzed 
using FACS. As the results, the desired DNA construct to be traduced into the col. was 
bound ,0 binding sequences of DNA binding protein, thereby the DNA binding protem 
tad to Sim-2 efficiently transferred the desired DNA construct across the cell membrane 
for the expression of the DNA construct. 
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* addition, in this example, the of DNA using Sim-* BTM was 

examined „ *o. For * purpose, a complex berween Sta-2-GnH fiision protein, which 
« .used a, reotn .emperature, and pCDM -5XGBS was ad.inis.ered by IP. injection 
to a mouse, and .hen, after <B hrs from the injection, T oeUs in biood were collated 
5 „ s ing T cei, specific anti-CD* mAb and MACS, as disced in .he Example 5. Rafter, 

■ i the level of expression of CDi-l chimeric proteins 

splenocytes of spleen were isolated and the level ol exp 

j^„»rf ™ith FACS The results are displayed m 
on the surface of the splenocytes was detected with FAl-s. 

rig9B As the results, the expression vector of pCD8-^ -5XGBS, which was transduced iti 
v<v0 into tite eel, using Sim-: BTM and Gal4, was effective,, transduced no. oniy into T 
10 cells but also into splenocytes of tite spleen. 

mmsa - T arecifit fi.nsdueti.n and a.re"!".. «< WSA 




T cel. specific transduction of pCDS-l DNA using Sitn-2 was examined in this 
example T eel, specific MMP cleavage site was cloned to pSin^-GaM of .he Example 7 
„ 3. region, according .0 tine Example 6, and men ecto domain of B7, was inserted titeteto 
^ conventional PCK amplification and moleotlar Coning using T cell cDNA mixbtre 
20 which was prepared in our .ahoratory, as a template, and using primers (SEQ. ID No , 6 

• i. r. Li Thereby oSim-2-Gal4-B7.1 DNA construct was 
and 7), as disclosed in the Example 1. Thereby, p=>«n * 

generated (see Fig.lOA). 



f gTP.P Tt P re paration 



jtegg ^^ specific promo terofLck. 
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pT_CPK- 7 , ° nH s f five>> GBSs 

The CMV promoter, which was designed in step 2 of the Example 7, was replaced 
hy a T ceil specific Ick promoter at Hindm recognition site osing conventiona! molecular 
cloning method. FiglOB illumes the construe, of expression vector of pLCDS-t. - 
5XGBS. 

The pCD8-l -5XGBS, which was designed in step 2 of the Example 7, was 

specifically transferred in vivo into a T cell in this Example. A complex of Sh»-2-Gal4- 

B7 1 fusion protein, which was purified and expressed as disclosed in the Example 7, and 

the expression vector of pCD8-l -5XGBS was prepared at room temperature. After 48 hrs 

from IP injection of the mixture of complex and PBS to a mouse, T cells and B cells in 

bl ood were collected using anti-CD2 mAb and anti-B220 mAb, respectively, with MACS 

from the mouse. Then, the expression level of surface chimeric molecule of CD8-^ was 

examined with FACS using anti-CD8 mAb of OKT8 (see Fig.lOC). As the results, the 

♦ ofnrmi 5XGBS was firstly relocated around T cells by the binding 
expression vector of pCD8-t, oauds was j 

f o im i Gal4-B7 1 fusion protein and CD28 or CTLA-4, 
between extra-cellular portion of Sim-2-(jrai4 a /. ruuu v 

_r n fTrM and then was cleaved by MMP on the surface 
which were present on the surface of T cell, ana tnen was 

of T ce.1, Therehy, fire comp.ex of S>m-2-Gal4 and P C W -5XGBS was efficiently 
tra „ s d„ced into T cefis and expressed therein, while the CDS-z chimeric mo.ec.les were 
»o, expressed in B cells, since there were no expression vector transferred into B cells. 
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In order for the expression vector in step 2 in this Example to be expressed in T 
cel. specific ways using Sim-2-Ga.4 fiision protein in step 2 in the Example 7, firstly, a 

5 complex of Sim-2-Ga>4 and pLCD8-l -5XGBS, which was manufactured at room 
temperature as disclosed in above step 3, waa transferred in vivo into cell, After 48 hrs 
from IP injection of the mixture of complex and PBS to a mouse, T cells and B cells in 
Hood were collected using an,i-CD2 mAb and a».i-B220 mAb, respectively, whh MACS 
from the mouse. Then, the expression level of surface chimeric molecule tf CDK was 

,0 examined with FACS using anti-CDS mAb of OKT8 (see Fig.lOD). As the resuhs, the T 
cell specific expression of the expression vector of pLCDW -5XGBS was observed. 

2i Intrac r "-- Mmi^i «f f""°" SBfe beWef " S '°" 2 T ~ 
specific immnno -Tr""" 1 ' " f ™ C 
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A fusion protein of Sim-2 and extra-cellular portion of B7.1 was designed in order 
to transduce various lands of chemical compounds having biological activities In vitro and 
,„ vivo. An expression vector of P Sim-2-B7.1 was designed using mouse T cell cDNA 
Hbrary which was manufactured in our laboratory, as a template, and using a primer of 
20 SEQ. ID Nell comprising BamHI restriction enzyme site, Sh»-2 BTM and N-terminal 
nucleic acid sequence of B7, and a primer of SEQ. ED No,12 comprising Bgl n reaction 

, • -j nf B7 T cell specific MMP cleave site 

enzyme site and C-terminal nucleic acid sequence ot ai. ceii sp 

was introduce to between Sim-2 and B7.1. Sim-2-B7., fiision protein, which was 
expressed and purified from DH5a, was hound to TMC (tautomycetin) using pH sensitive 
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chemical linker as fflus.ra.ed in Hg.ll. Jurkat T cells were treated with 0.! ug/ml of the 
TMC-Sim-J-BXl complex. Afte, 5 hrs ftom .he treatment, TMC induced Jurlca, T cell 
apoplosis was analyzed with FACS using PI staining p. Schmid et a, Cytometry .3:204- 
208 (1992)] (see Fig.llB). As the results, 1. was observed that .he TMC compounds, which 
5 were transferred into the Jurkat T cells using Sim-2.B7 fusion proteins, elicited apoptosis 
effectively. 

Furthermore, immunosuppressive effects of TMC-Sin.-2-2.B7.. k W. were 
examined and analyzed. The immunosuppressive effec. in vivo of TMC-Sin,-2-2-B7.1 was 
determined using organ rejection animal model of ra. heterocardiao allograft rejection (lae- 
,0 Hyuck Sim « al. PNAS vol. 99, no. 16, 10617-10622, 2002). Table . shows me results. 
Table 1 



Drugs 



Cremophor 



CsA/ 
Cremophor 



Concentration 
(mg/kg) 
5 
5 



Sim-2-TMC/PBS 
Sim-2-T MC/PBS" 



0.07 
0.09 



Administration 



LP. 
IP. 



IP. 



LP. 
Skin 



Days kept 
alive 



9 

10 



>100 



>160 
>160 



Number of 
rats 



4 

3 



_LP_ 
11 



As the results, the transplanted organs of the organ rejection animal models, 
which were given TMC-Si m -2-B7.1 complex by IP injection (0.07 ug/ml) or by 
15 subcutaneous administration (0.09 ug/ml), operated 160 days or more, while the 
transplanted organs of the organ rejection animal models, which were given conventional 
in_ppressor of CsA (cyclosporin A) by IP injection, operated 100 days or more. 
On the other hand, the transplanted organs of the organ rejection animal models, winch 
were given cremophor by IP injection, operated only 9 or 10 days. 
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Sim-2-CTLA-4 prntein drugs 



As confirmed in the example disclosed above, it was proved that Sim-2 BTM can 
5 efficiently transfer numerous materials, which control in vivo various physiological 
responses, such as proteins, DNA and/or RNA and chemical compounds, into numerous 
organs or cells constructing the organs by binding the materials covalently or non- 
covalently. Thus, in this example, a new type of protein drug, which could regulate 
immune response in vivo, was provided by introducing wild type or mutant protein that 
10 regulated intracellular signal transduction, using the Sim-2 BTM. As a desired protein 
inhibiting immune response elicited by T cell, cytoplasmic domain of z chain of a signal 
transduction chain of TcR complex, which recognizes in vivo both a portion of antigenic 
peptide and MHC, thereby transfers activation signal into the cells, was selected in this 
example. We, inventors, verified in the preliminary study the fact that when over- 
15 expressing zAlA2 type, which was prepared by substituting Tyrosin with Phenylalanin at 
1- ITAM of cytoplasmic domain of TCR z chain, the T cell activation signals were 
significantly blocked (Wook-Jin Chae et al. JBC 2003). Based on such results, an 
expression vector was prepared by fusing Sim-2 BTM and zAl A2 type of TcR z chain. 
Fig.12 (a) illustrates the construct. In order to make this expression vector, a 5' primer of 
20 SEQ. ID No,13 comprising nucleic acid sequence of Xba I restriction enzyme, nucleic 
acid sequence of Sim-2 BTM and N-terminal nucleic acid sequence of cytoplasmic domain, 
and a 3' primer of SEQ. ID No.:13 comprising nucleic acid sequence of Hind DI site and 
C-terminal nucleic acid sequence of z chain were prepared. Then, PGR amplification was 
carried out using pcDNA3-zAl A2 expression vector synthesized in our laboratory (Wook- 
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Jin Chae et al. JBC 2003), as a template, and using the primers above mentioned. 
Subsequentiy, the PCR products were cloned to an expression vector of P GELysRS(2) 
both at Xba 1 and Hind m sites, wherein the P GELysRS(2) vector was manufacnared by 
deleting Xba I reaction enzyme at 5' region of ATG-LysRS of an expression vector, 
pGELysRS, that effectively expresses a protein in soluble type. Thereby, pSim-W-zAl A2 

expression vector was developed. 

In order to prepare another desired protein, which regulates in vivo immune 
response, using Sim-2 BTH cytoplasmic domain of CTLA-4 protein, which is a negative 
reguiator during the T cell activation process, was employe* as a fusion partner no the Sim- 
2 BTM. The CTLA-4 is a cell membrane protein found on the surface of activated T cell, 
and it is known to inhibit T ceU activation by binding any one of proteins of B7 family on 
the surface of APC (Antigen Presenting Cell). In order ,0 prepare a fusion protein of Sim-2 
BTM and cytoplasmic domain of CTLA-4, an expression vector of pSim-2-CTLA-4 was 
designed, and its construct was displayed in Fig.l2(b). In order ,0 make this expression 
vector a 5' primer of SEQ. ID No,15 comprising nucleic acid sequence of Xba I 
restriction enzyme, nucieic acid sequence of Sim-2 BTM and N-rermina! nucleic acid 
sequence of CTLA-4 protem, and a 3" primer of SEQ. ID No,13 comprising nucleic acid 
sequence of Hind m and C-.ermina. nucleic acid sequence of CTLA-4 were prepared. 
Then, PCR amplification was carried out using primary T cell cDNA mixture synthesized 
, in our laboratory (Wook-Jin Chae e, al. IBC 2003), as a temp.ate, and using the primers 
above mentioned. Subsequently, tire PCR products were doned to an expreasion vector of 
pGELysRS© bod, a, Xba I and Hind HI sites, wherein the pGELysRS(2) vector was 
generated by deieting Xba I restriction enzyme a, 5' region of ATG-LysRS of an 
expression vector, pGELysRS, .hat effectively expresses a protem in soluble type. Thus, 
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pSim-2-CTLA-4 expression vector was developed. 

Using ,he prepared pSim-l-z^AJ and pSin.-2-CTLA-4 expression vectors, E. 
coli of BL21 (invitrogen, catno. : C7010-03) was transformed by heat shook 
transforation. After iso.ating and purifying the expressed toion proteins, the obtained 

5 prodnots were subject to SDS-PAGE followed by coonrasie bine staining. The Frg.l3(.) 
and (b) represent the resuHs. With the isolated and purified Sim-2-zAlA2 fusion protein 
and Sim-2-CTLA-4 firsion protein, immunosuppressive effects in vivo were examined and 
analyzed using the organ rejection animal models of rat heterocardiac allograft as disclosed 
in fire Example 9 (Jae-HyucR Sim - al. PNAS vol. 9, no. .6, 106,7-10622, 2002). The 

1 0 results are represented in Table 2. 
Table 2. 



Drugs 



Cremophor 



Cyclosporin^ 
Cremophor 



Sim-2-zAlA2/PBS 



Sim-2-CTLA-4/PBS 



Concentration 



0.01 



0.04 



Administration 
routes 



LP. 
LP. 



Days 
alive 



9 
10 



LP. 



LP. 



LP. 



>100 



>160 



>160 



Rat 
number 



4 

3 



15 



11 



As the results, the transplanted organs in the organ rejection animal models, which 
were respectively given Sim-2-zAl A2 and Sin.-2-CTLA^ by IP injection (0.01 ug/ml) or 

15 by subcutaneous administration (0.04 ug/ml), operated 160 days or more, while tire 
transplanted organs in the organ rejection animal models, which were given conventional 
imnrunosuppressor of CsA (cyclosporin A) by W injection, operated ,00 days or more. 
On the other hand, the transplanted organs in the organ rejection animal models, wmch 
were given cremophor by W injection, operated only 9 or 10 days. These results suggested 

20 that both of zA,A2 type of TCR z chain and CTLA-4 were efficient,, transduced into the 
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T cells by Sim-2 BTM and inhibited T cell activation to represent immunosuppressive 
effects. 

EXAMPLE 11; Transduction of macromolecules into plant callus cells 
5 using Sim-2 BTM 

The desired proteins were transduced into non-animal cells using Sim-2 BTM in 
this example. Briefly, cultured plant callus cells were given 10 uM of Sim-2-p-gal fusion 
proteins, and, after 1 hr, the cells were examined under confocal microscope in order to 

10 analyze the transduction level of p-galactosidase into the cells. The results were displayed 
in Fig. 14. Specifically, collected tobacco leaves were cultured in callus inducing medium 
including auxin and cytokine, and the produced plant callus was cultured in agar free MS 
medium (suspension culture). As the results, after 15 min from the introduction of fusion 
protein using Sim-2 BTM, it was observed that P-galactosidase was effectively transduced 

1 5 not only into the callus cells but also into the nucleus of the cells. 

EXAMPLE 12: Transduction of macromolecules into various kinds of bacteria by_ 

Sim-2 BTM 

20 The desired proteins were transduced into various kinds of bacteria in this 

example. 1 uM of Sim-2-p-gal fusion proteins was introduced to various bacteria, such as 
Salmonella typhymirium, Listeria monocytogenesis, Streptococcus aureus and tubercle 
bacillus. After 1 hr from the introduction, the activities of the transduced P-galactosidase 
were detected and the results were shown in Fig. 15. As the results, it was confirmed that 
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macromolecules were efficiently transduced into the bacterial cells with Sim-2 BTM. 

EXAMPLE 13: Production of protein drugs having natural folding structure and 

function using Sim-2 BTM 

5 

A fusion protein of Sim-2 BTM and biologically active functional regulatory 
protein, which was expressed and purified from bacteria, was reformed so as to have 
natural folding structure and functions. Specifically, the fusion protein isolated and 
purified from bacteria was transferred again into CHO (Chinese hamster ovary) cells, and 

10 then the fusion protein, which had complete folding structure and functions found in 
natural state, was isolated and purified. As for purified 2 (two) types of fusion proteins, 
biological activity regulating capabilities were examined. For this examination, an 
expression vector pSim-2-insulin was designed in order to prepare fusion protein between 
Sim-2 BTM and human insulin. In order to make this expression vector, a 5 5 primer of 

15 SEQ. ID No.: 17 comprising nucleic acid sequence of Xba I restriction enzyme, nucleic 
acid sequence of Sim-2 BTM and N-terminal nucleic acid sequence of human insulin, and 
a 3' primer of SEQ. ID No.: 18 comprising nucleic acid sequence of Hind m and C- 
terminal nucleic acid sequence of human insulin were prepared. Then, PCR amplification 
was carried out using human pancreas beta cells prepared in our laboratory, as a template, 

20 and using the primers above mentioned. Subsequently, the PCR products were cloned to an 
expression vector of pGELysRS(2) both at Xba I and Hind HI sites, wherein the 
pGELysRS(2) vector was generated by deleting Xba I restriction enzyme at 5' region of 
ATG-LysRS of an expression vector, pGELysRS, that effectively expresses a protein in 
soluble type. Thus, pSim-2-insulin expression vector was provided and its construct was 
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shown in Fig. 16. With the prepared pSim-2-insulin expression vectors, E. coli of BL21 
(invitrogen, cat.no.: c70 10-03) was transformed by heat shock transformation. Then, the 
expressed pSim-2-insulin fusion protein was collected and purified according to the 
example 2. 1 ug/ml of the purified Sim-2-insulin fusion protein was transferred again into 
5 the CHO cells, and then Sim-2-insulin fusion protein, which was considered as to have 
natural structure and functions, was isolated and purified, and the obtained fusion protein 
was named as Sim-2-insulin-PR. These 2 (two) types of fusion proteins of Sim-2-insulin 
and Sim-2-insulin-PR were subject to SDS-PAGE and coomasie blue staining. The results 
are displayed in Fig. 17 A. In order to confirm whether these 2 fusion proteins were 

10 effectively transferred into Jurkat T cells with Sim-2 BTM, Jurkat T cells were treated 
respectively with these 2 fusion proteins and recombinant insulin not fused to Sim-2 BTM, 
as disclosed in the Example 3. Following the treatment, the transduction level of insulin 
into the cells was detected using mAb to the insulin and was compared. The results are 
shown in Fig.l7B. As the results, both of Sini-2-insulin and Sim-2-insulin-PR were 

15 transduced efficiently into the Jurkat T cells, while almost none of the recombinant insulins, 
which did not have Sim-2 BTM, was transduced into the T cells. 

EXAMPLE 14: Lowering blood glucose level using Sim-2-insulin fusion protein 

20 Blood glucose level lowering was examined using Sim-2-insulin and Sim-2- 

insulin-PR in the Example 13 with Streptozotocin-Induced diabetic mice. After 3 (three) 
days of abstinence, STZ (Sigma Chemical Co, St Louis, USA) (60 mg/kg) were given the 
fusion proteins by IV injection. Insulin dependent diabetic mice were defined having 20 
mmol/L or more blood glucose level together with other diabetic syndrome such as 
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polyurea etc. All the in vivo studies were carried out after 2 weeks from the induction of 
diabetes. Recombinant insulin alone, Sim-2-insulin and Sim-2-insulin-PR in the Example 
13 were, respectively, administered to the mice by IP injection (1-10 mM), and the blood 
glucose levels in the mice were monitored. In order to analyze the level of blood glucose, 

5 about 0.2 ml of blood was collected from each of the mice after anesthetizing them, and 
then the blood was subject to centrifuge at 13,000 rpm for 3 min. Next, about 15 ml of 
serum was added to 1.5 ml of glucose kit agent (BiosystemSA, Barcelona, Spain) and the 
mixture was incubated at 37°C for 10 min in water-bath. The level of blood glucose was 
detected with blood glucose analyzer (Quik-Lab, Ames, Miles Inc. Elkart, Indiana, USA). 

1 0 The results are displayed in Table 3 . 



Table 3 



Drug 


Before administration 


After administration 


PBS 


5270 


5390 


Recombinant insulin 


5600 


2320 


Sim-2-insulin 


6450 


1570 


Sim-2-insulin-PR 


6630 


350 



As shown in Table 3, the recombinant insulin lowered blood glucose level by 50%, 
15 and the Sim-2-insulin lowered the level by 70%. On the other hand, the Sim-2-insulin-PR, 
which was obtained in CHO cells and considered as to have natural protein folding 
structure and functions, lowered level by 90% or more. As the results, once the fusion 
protein is transferred into animal cells with Sim-2 BTM, it is considered as to be subject to 
protein folding machinery in the cells, thereby the protein has natural folding structure and 
20 functions. Briefly, after producing numerous desired proteins from bacteria using Sim-2 
BTM massively, the obtained recombinant proteins were transferred again with the Sim-2 
BTM into the cells, which naturally generate in vivo the same type of proteins as the 
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recombinant proteins, and then the desired proteins were purified from the cell culture. The 
finally purified desired proteins are expected to have significantly excellent efficacy when 
using it as a basic and clinical treating agent. 



As disclosed above, Sim-2 BTM Sim-2 of the present invention, which includes 
amino acid sequence of SEQ. ID No.: 1, delivers biologically active functional regulatory 
molecules in vivo and in vitro into the cytosol, organelles or nucleus of prokaryotic and 

10 eukaryotic cells, via numerous paths, for example, intramascular, intraperitoneal, intravein, 
oral, nasal, subcutaneous, intradermal, mucosal, and inhalation. Thus, this invention can be 
used to provide protein drugs, recombinant vaccines, DNA/RNA vaccines, and functional 
genes. Furthermore, this invention can be used to provide novel methods for treating 
disease using protein, genes, chemical compounds. Furthermore, this invention can be used 

15 to provide novel drug delivery system and proteins having natural structure and functions. 
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INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 



A. The indications made below relating to the microorganism referred to in the description on 
page 9 5 line 8. 



B. IDENTIFICATION OF DEPOSIT Further deposits are indicated on an additional sheet □ 



Name of depository institution 

Korean Culture Centure of Microorganisms (KCCM) 



Address of depository institution (including postal code and country) 
(120-091) 361-221, Yurim B/D, Honje 1, Sudaemun, Seoul, Republic of 
Korea 



Date of deposit 



2001. 12. 19. 



Accession Number 

KCCM 10346 



C. ADDITIONAL INDICATIONS {leave blank if not applicable) 

This information is continued on an additional sheet □ 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (If the 

indications are not for all designated States) 



E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable) 



This indications listed below will be submitted to the International Bureau later (specify the 
general nature of the indication, e.g., "Accession Number of Deposit") 



For receiving Office only 



□ This sheet was received with the 
international application 



Authorized officer 



For International Bureau use only 



□ This sheet was received by International 
Bureau on: 



Authorized officer 



PCT/RO/134(July 1998) 
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